Cooperation Council where metabolic syndrome is of high prevalence. DM is a foremost risk factor for urinary tract infections (UTIs). It is also linked to more complicated infections such as emphysematous pyelonephritis (EPN), emphysematous pyelitis (EP), renal/perirenal abscess, emphysematous cystitis, xanthogranulomatous pyelonephritis, and renal papillary necrosis. The diagnosis of these cases is frequently delayed because the clinical manifestations are generic and not different from the typical triad of upper UTI, which include fever, flank pain, and pyuria. A middle-aged female with DM and chronic kidney disease stage IV was admitted with recurrent UTI with extended-spectrum beta-lactamase-producing Escherichia coli. At presentation, she was afebrile, clinically stable, had no flank pain and there was no leukocytosis. Laboratory test for Creactive protein done twice and was only mildly elevated at 7 and 11 mg/dL. A computed tomography scan of kidney-ureter-bladder (CT-KUB) was recommended and reported as "no KUB stone but small atrophic left kidney with dilatation of the pelvicalycial system and ureter and the presence of air in the collecting system suggestive of EP." Thus, commonly associated with DM, especially in females, debilitated immune-deficient individuals, and patients harboring obstructed urinary system with infective nidus. Air in the kidney is not always due to EPN. UTI with a gas-producing organism can ascend to the kidney in the presence of vesicoureteral reflux.
Introduction

Diabetes mellitus (DM) is a common disease in Oman as in rest of Gulf Cooperation Council
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Dr. Issa Al Salmi, Department of Renal Medicine, Royal Hospital, Muscat, Oman. E-mail: isa@ausdoctors.net where metabolic syndrome is of high prevalence. DM is a foremost risk factor for urinary tract infections (UTIs) and is also connected with increased risk of UTIs. It is also linked to more complicated infections such as emphysematous pyelonephritis (EPN), emphysematous pyelitis (EP), emphysematous cystitis, xanthogranulomatous pyelonephritis, renal/ perirenal abscess, and renal papillary necrosis. The diagnosis of these cases is often delayed
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because the clinical manifestations are nonspecific and not different from the classic triad of upper UTI (i.e., fever, flank pain, and pyuria).
Various nomenclatures have been used interchangeably for this gas-forming infective disorder including: pneumonephritis, renal emphysema, and EPN. Gas in the nephron-urology system is commonly associated with DM, especially in females, incapacitated immunedeficient patients, and those harboring obstructed urinary system with infective nidus. Gram-negative facultative anaerobic microorganisms such as Escherichia coli (E. coli) are responsible for the production of gas through the fermentation of glucose. In the usual triad features of pyelonephritis, EPN is diagnosed by computed tomography (CT) scan. However, in the absence of these features, the presence of gas in the urinary system has not been reported. Hence, we report a female patient, who was afebrile, clinically stable, had no flank pain, and there was no leukocytosis while the C-reactive protein (CRP) mildly raised.
Case Report
A middle-aged female with DM and chronic kidney disease Stage IV was admitted with recurrent UTI with extended-spectrum betalactamase-producing E. coli (ESBL -E. coli). An ultrasonogram of kidney-ureter-bladder (KUB) showed left renal hyperechoic foci that could be stones rather than air densities. A CT scan of KUB was recommended and reported as "no KUB stone but small atrophic left kidney with dilatation of the pelvicalyceal system (PVS) and ureter and the presence of air in the collecting system suggestive of EP" (Figure 1 ). However, the patient was afebrile, clinically stable, had no flank pain, and there was no leukocytosis. CRP done twice was only mildly elevated at 7 and 11 mg/dL. Hence, it was postulated that the presence of air in the left kidney might be as consequence of air ascending from the bladder due to possible vesicoureteral reflux (VUR). A micturating cystourethrogram was performed which showed Grade IV VUR on the left side ( Figure  2 ).
Discussion
This is the first report of an air in the kidney that occurred in the setting of UTI with a gas producing organism which ascends to the kidney in the presence of VUR but not due to EPN. Complicated UTIs are common and potentially life-threatening conditions in diabetic patients. Early diagnosis, knowledge of common predisposing factors, appropriate clinical and radiological assessment, and prolonged course of appropriate antibiotherapy are the mainstay of multifactorial management approach strategy to improve prognosis.
It has been reported that high tissue glucose levels in an immunocompromised patient, such as a diabetic patient, can lead to infection with glucose-fermenting bacteria or yeast. 1 Fermentation of glucose within the urinary tract leads to the formation of H 2 and CO 2 gas within the urinary tract and within the luminal mucosa. 2 Various factors are involved in the pathogenesis of the gas formation, such as high levels of glucose within the tissues, the presence of gas-forming microorganisms, reduced vascular blood supply, impaired host immunity and the presence of obstruction within the urinary tract. 2, 3 A high level of tissue glucose in association with reduced blood supply to the kidneys, which is prevalent in patients with diabetes, facilitates the development of anaerobic metabolism. The utmost precise way for the diagnosis and monitoring of gas-containing infections of the urinary system in humans is CT. 4 CT helps to eliminate complicated EP, such as the presence of kidney or perirenal fluid collections, abscesses, or EPN. Moreover, CT can rule out other causes of urinary gas such as vesicocolic fistula. CT scan discriminates between the presence of gas bubbles within the pelvi-calyceal system, the kidney parenchyma, and/or the perinephric space.
5
A radiological classification the gas in the kidney has been proposed based on its location: class 1: gas limited to the collecting system of the kidney, class 2: gas confined to the kidney parenchyma, class 3A: perinephric extension of gas or abscess, class 3B: extension of gas outside the Gerota fascia and class 4: bilateral or EPN in a solitary kidney. 6 In 1898, Kelly and MacCullum reported the first case of gas-forming kidney infection. 7 Later, terms such as renal emphysema, pneumonephritis, and EPN were used to describe the gas-forming infection. Schultz and Klorfein in 1962, recommended the use of EPN to emphasize the relationship between infective pathology and gas formation. 8 EPN is an acute severe necrotizing infection of the kidney parenchyma and its surrounding tissues that results in the presence of gas in the kidney parenchyma, collecting system or perinephric tissue. 9 There is a majority of EPN occurs in females; the female:male ratio reported in relatively small studies is 6:1. 9 Increased susceptibility to UTI appears to be the cause for the higher incidence in females. 10 The risk of developing EPN secondary to a urinary tract obstruction is ≈25%-40%. 10 Furthermore, it seems to be geographically more common in Asia. DM is the single most common associated factor. Up to 95% of patients with EPN have underlying uncontrolled DM. 9 Furthermore, other factors associated with the development of EPN are drug abuse, neurogenic bladder, alcoholism, and anatomic anomaly. 9, 10 Gram-negative facultative anaerobic microorganisms such as E. coli are accountable for the making of gas through the fermentation of glucose and lactate. 11 This process results in the production of high levels of carbon dioxide and hydrogen which accumulate at the location of inflammation. Furthermore, nitrogen and oxygen have been found along with traces of ammonia, methane, and carbon monoxide. 12 Gas may extend beyond the site of inflammation to the subcapsular, perinephric, and pararenal spaces. 9, 13 Further, gas was found to be even extending into the scrotal sac and spermatic cord. 9, 13 Past antibiotic treatment is a recognized risk factor for third-generation cephalosporin-resistant Enterobacteriaceae. 14 ESBL-producing or Amp-C harboring isolates should be considered.
14 Initial optimal treatments are also apt to be inadequate for patients with bacteremia due to ESBL producers, with devastating impact on clinical outcomes. 15 In conclusion, air in the kidney is not always due to EPN. UTI with a gas producing organism can ascend to the kidney in the presence of VUR. Most commonly caused by E. coli and Klebsiella pneumoniae and characterized by the occurrence of gas in the kidney system. DM, urinary obstruction, and calculus help as niduses of infection, and provide oppurtune place for fulminant infection. CT scan is the mainstream choice to outline the spreading of gas, disease extension. Management requires multidisciplinary teamwork including hydration and electrolyte management, broadspectrum antibiotics, excellent blood sugar control, active urinary drainage, and finally may require emergency nephrectomy as salvage surgical management strategy.
